A new family of ATP-dependent oligomerization-macrocyclization biocatalysts.
Oligomerization and macrocyclization reactions are key steps in the biosynthesis of many bioactive natural products. Important macrocycles include the antibiotic daptomycin (1; ref. 1), the immunosuppressant FK-506 (2; ref. 2), the anthelmintic avermectin B1a (3; ref. 3) and the insecticide spinosyn A (4; ref. 4); important oligomeric macrocycles include the siderophores enterobactin (5; ref. 5) and desferrioxamine E (6; ref. 6). Biosynthetic oligomerization and macrocyclization reactions typically involve covalently tethered intermediates and are catalyzed by thioesterase domains of polyketide synthase and nonribosomal peptide synthetase multienzymes. Here we report that the purified recombinant desferrioxamine siderophore synthetase DesD from Streptomyces coelicolor M145 catalyzes ATP-dependent trimerization-macrocyclization of a chemically synthesized 10-aminocarboxylic acid substrate via noncovalently bound intermediates. DesD is dissimilar to other known synthetase families but is similar to other enzymes known or proposed to be required for the biosynthesis of omega-aminocarboxylic acid-derived cyclodimeric siderophores. This suggests that DesD is the first biochemically characterized member of a new family of oligomerizing and macrocyclizing synthetases.